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Abstract 
 
The article presents an alternative approach to the definition of vector electrodynamic potential 
and its properties. It is shown that generally it has vortical and potential components. The system of 
differential equations of generalized electrodynamics (the macroscopical theory) is written down; and 
on the basis of these equations the mechanism of occurrence of the electromagnetic waves spreading in 
the direction of vector Е
G
(longitudinal E-waves) is explained. It is demonstrated that the new macro-
scopical theory is in accordance with quantum electrodynamics. The author investigates the issue of 
physical pithiness of longitudinal electromagnetic E-waves and specifies the references to the experi-
mental researches confirming the new theory. 
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1. Introduction 
 
As it is known, modern magnetostatics is based on the following differential equations: 
ArotH
GG
0
1
μ= ,                                                             (1) 
0=Adiv G ,                                                                 (2) 
 
where A
G
 - vector potential, H
G
- tension of the magnetic field, 0μ - magnetic constant. 
In textbooks on electrodynamics it is usually said that vector potential has no physical meaning 
and is used as auxiliary function but condition (2) is entered to disambigue this function. According to 
condition (2), the lines of the vector must be locked-in, and it means that the field of this vector is rota-
tional.  
As it is known, the vector potential satisfies the equation of Poisson. We shall calculate the vec-
tor potential of the field of infinitely long rectilinear current  J , directed along axis z: 
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When computing this formula it is necessary to define the value of A
G
 when  ( ) ∞→′− zz , that is to 
say the condition of vector potential is required. As such condition the following is taken: 
 
0=∞A
G
.                                                                        (4) 
Then 
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It is not difficult to show that divergency of the vector expressed by formula (5) equals zero, so 
condition (2) is executed in this instance. Condition (4) has provided locking-in of vector A
G
 lines, but 
execution of the condition (2) is due to the use of condition (4). After calculating Arot
G
, we shall get 
the known formula for induction of the magnetic field, created by rectilinear endless current. 
The argument of the logarithm in formula (5) changes from zero ad infinitum, at the same time 
the sign of the function also changes: if the value of the argument is less than one, function (5) is posi-
tive, but if  value of the argument is greater than one, it is negative. Consequently, vector  А
G
 is di-
rected on current if it is near a conductor, and it is directed against the current if it is far from a con-
ductor. Locking-in of vector  А
G
 lines occurs at infinity, that confirms fairness o  the condition (4). Ac-
cording to (1) the rotational field of vector  
f
А
G
 generates vector magnetic field В
G
.   
At determination of the magnetic field of separate locked-in current sidebar, the characteristics of  
vector potential turn out to be the same, i. e. corresponding to equations (1) and (2). Usually the study 
of vector potential characteristics is limited to the above. 
However the theory built on such basis, does not explain many electrodynamic phenomena and 
results of experiments that are told about  in publications [3-9]. 
 
 
 
 
 
 2
2. Starting positions and consequences 
  
     We shall calculate the vector potential of the magnetic field created in free point 
 by rectilinear current ( z,y,xM ′′′ ) J , flowing along the conductor of defined length. Certainly, we 
get principle question about justification of such statement of the problem. Usually it is considered that 
constant currents are locked-in, and on this base the currents of defined length, that are not locked-in, 
are not considered. However, if we present the locked-in current sidebar as electromechanic system, 
there arises the question about the interaction between its parts at the account of internal powers. Such 
approach requires consideration of separate current lengths, and interactions between them by means 
of the fields they create. 
If we link beginning of coordinate system with one of the ends of the current segment, axis z we 
shall direct along the current (fig. 1), so we shall get the following: 
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′−+′+′+′=′′′ π
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We notice that it was not necessary to enter any conditions. Mark the positive values: 
 
( )22222221 zLyxr;zyxr ′−+′+′=′+′+′= .                              (7) 
 
They are the modules of radius-vectors, called on to the point ( )z,y,xM ′′′  from beginning and end of 
the current segment accordingly. Comparing the numerator and denominator of the expression under 
the logarithm sign in (6), it is not difficult to see that 
 
( )
1
222
22
>′−′+′+′
′−+′+′+′
zzyx
zLyxz-L 2
, 
 
because the sum of lengths of the two sides of the triangle showed in fig. 1 is always more than its 
third side: 
( ) 22222 zyxzLyxL 2 ′+′+′>′−+′+′+ , 
or 
12 rrL >+ . 
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Fig. 1 
 
So, according to (6), the lines of vector potential have one direction in this case. Therefore there 
should exist the sources and drains of the field of vector А
G
. 
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In publications of Nikolaev G.V. [5-6] the hypothesis of magnetic field component existence, 
which is not taken into account in Maxwell’s electrodyna ic
magn
m s, is proved. Really, the identification of a 
etic field with the help of iron sawdust, arisen in the earliest stage of studying magnetism, is not 
reasoned. Is it possible to describe electromagnetic interaction in all cases using only knowledge about 
magnetic field lines? Such question was not put in due time. It also has resulted in limited nature of 
modern electrodynamics.  
Austrian professor S. Marinov from reasons of the basis of field theory has offered [7-8] to de-
termine *H  function through vector potential as follows: 
 
AdivH
G
0μ ,                                                                 (8) 
where - scalar function. At the suggestion o
netic field (SMF) which is described by this function is introduced. Thus, it is suggested to use two 
mholz): if di e
rotor of a field (in this case 
* 1−=
( )z,y,xH * ′′′ f Nikolaev G.V., the concept of scalar mag-
functions for the description of full magnetostatics field: vector ( )z,y,xH ′′′G  and scalar 
( )z,y,xH * ′′′ . 
Indeed according to the basic theorem of the field  theory (Stox-Hel v rgency and  
А
G
), turning to zero at infinity, are determined in each point rG  of some 
area, the field of vector ( )rА GG   may be presented as a sum of potential and solenoidal fields every-
where in this area. Thus, the correlation (8) cancels artificial calibration (2), and allows to work out 
generalized magnetostatic
It is clear that the vector potential 
s. 
A
G
 introduced this way has other properties, than in usual elec-
trodynamics. First of all, fro А
G
m (8) it follows that the field of vector  has sources and drains which 
are in SMF. Sources of the field of vector А
G
 are in negative SMF, and drains are in positive SMF. 
 
Fig. 2 
Fig. 2 conventionally represents the field of vector potential 
 
А
G
, Including rotational  ΟА
G
 and po-
ential Аt  →
G
 components, and also vector magnetic field Н
G
  and calar magnetic field   s *Н , created by 
rectilinear current segment of certain length.  
As a result of calculation of the function divergency (6), we have: 
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.                                                    (9) 
 
As at any values of  and , size  of 1r 2r 0≠Adiv
G
, that SMF in this case is created: 
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021
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44 ππ rrr
rJ* −=′′′ ,                              (10) 
We research function (10).  Fig. 3 shows the diagram of dependence , that is this 
function is determined in the points laying on axis z, thus 
 ( )z′,0,0*H
zLr,zr ′−=′= 21
the diagram, function 
.  Apparently from 
( )zH ′,0,0*  is sign-variable and on ent AB has disrup-
( )*
that  SMF gradient gradH ′ directed along the current flow-
ing in it. It is possible to formula l rule: if to look from the midpoint of the segment  in the 
direction of the curr   positive SMF   is created ahead, and negative SMF is created 
behind. 
 
the ends of current segm
tions.  Distribution of function  ′,0,0  сorresponds to SMF presented in fig. 2.  It is noticeable 
* 00  appears along a conductor, it is 
te the genera
ent flowing in it,
                                        
 
Fig.3 
The above said leads to an important conclusion: the vector potential generally has vortical and 
l components: 
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Thus formulas (1) and (8) can be put accordingly as follows: 
Ο== ArotArotВ
G GG
,                                                          (12)
divAdivB*
 
 
→A−=−=
G G
.                                                     (13) 
*H  and  induction *BTaking into account substance properties, the connection between intensity  of 
SMF is represented by the following correlation: 
Concerning dimensionality of SMF characteristics the f
eristics of a vector magnetic field is observed: 
** HB 0μμ′= .                                                         (14) 
 
ull analogy to the corresponding charac-
*H *B is measured in А/m, t  is measured in Tl. 
In his monographies Nikolaev G.V. [5-6] gives the equations which are suggested as fundamen-
tal to generalized magnetostatics: 
 
0=Hdiv G ,                                                                   (15) 
 
j*gradHHrot
G G+
 
= .                                                        (16) 
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It is follows from the equation (16) that the current of con
al) magnetic field, except for a usual vector (solenoidal) magnetic fiel
at e  
 
ductivity derivates also a scalar (poten-
d. Let's pay attention to the fact ti
th quation (16) also corresponds to Stox-Helmholz theorem with reference to a field of currents ( )rj .   
Having substituted in (16) equations (1) and (8), we shall receive: 
GG
jAgraddivArotrot
GGG
0μμ′=− . 
 
In the result we have equation of Poisson: 
jA
GG
0μμ′−=Δ .                                                                (17) 
Thus, the vector potential at such approach, as well as in 
tion of Poisson, however, at its computing the condition (2
 
traditional magnetostatics, satisfies the equa-
) was not required. 
As one of the most important conclusions at this investigation phase we shall note, that both 
components of a magnetic field (vector and scalar) are determined by means of vector electrodynamic 
potential. Consequently, vector electrodynamic potential  is necessary to recognize as the basic char-
acteristic of full magnetostatic field.  
The question about conditions of creation SMF by complete current system seems very impor-
tant. At its solution it is necessary to rely on the properties of vector potential [3-4]. Let's consider rec-
tangular current contour. In any point of space there are imposed magnetic fields from four current 
segments forming it. In any point of space, except for the point of diagonal crossing of rectangular O, 
vector А
G
  is other than zero. The configuration of the vector magnetic field created by the rectangular 
contour is known. 
L s choose any point of space and make in it radius-vectors from all four corners, having desig-
nated them accordingly  r,r,r,r   (fig. 4). 
et'
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Thus, SMF is not created by rectangular locked-in current contour in any points of space. Really, for 
the locked-in contour
y,xH
0=Adiv G , therefore 0* =H . Obviously, it is possible to make a more general 
e traditio
conclusion: locked-in current does not create SMF at any form of a contour in which it flows. This 
conclusion agrees to th nal theory.  
Now we shall consider the system of two identical rectangular current contours located in one 
plane (fig. 5).  It is clear that in any point of space, chosen accidentally,  the components from all eight 
current  segments are imposed. It is not difficult to show, that in the point M, located on the axis of 
symmetry of electric system Ox, the vector potentials of current segments AD and D1A1 and also СВ 
B C 
А D 
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and С1В1 are in pairs compensated. The vector potentials of currents АВ and А1В1 are directed to the 
right side, and currents of CD and C1D1 – to the left.  Let's make it a point that the sum of the two first 
potentials, undoubtedly, is more than the sum of two second ones. It is obvious, that the resulting vec-
tor potential in point  M is other than zero, and  it is directed to the right. It is possible to show that on 
axis Ox  0=Arot G  , consequently, the vector magnetic field on the axis of symmetry is missing. It is 
easy to verify that after considering the picture of the magnetic field lines modelling a usual magnetic 
field. 
 
 
 
Having calculated all rece e expression for intensity of 
MF in any point on axis Ox: 
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where - modules of  radius-vectors which have been carried out accordingly from points  А (or 
) and В (or ) to point M. - modules of  radius-vectors drawn accordingly from points   (or 
D (or 
me  there is no SMF: 
It is very important in examining any current system to determine a special point in which SMF  is 
qual to zero. Knowing the direction of vector potential 
⎤⎡*H
21,rr
1 1 43 С
С ) and 1D ) to point M. We investigate function (18). In the centre of the current system sym-
try in point О
( ) 000 =,*H . 
 
А В r,r
1
А
G
e  in relation to this point, it is possible to de-
termine the sign of SMF, according to the rule: SMF has a positive sign where vector potential А
G
 is 
directed away from the special point, and a negative sign  where vector А
G
  is directed towards
special point. Having applied this rule it is easy to see that in the right part of the gap between the elec-
tric contours SMF has a positive sign, while in left – negative. These areas are represented in fig. 5. 
Once again we shall emphasize, that the initial characteristic of the full magnetic field created by 
a current system, is the vector potential.  Such approach allows to avoid the erroneous decision: if 
 the 
the 
scala
tatic system creating a magnetic field in which a vector and scalar components 
are p
r magnetic field is not created by a separate contour so the resulting field from two contours is 
also equal to zero.  
The contours represented in fig. 5 are formed in diametrical section of a toroid. The toroid repre-
sents the ideal electros
ositionally divided: the vector field is completely inside the toroid, and scalar - outside (fig. 6). 
The intensity of SMF on an axis of a toroid is determined by the following formula: 
 7
 ( ) ( ) ( )⎥⎦⎢⎣ 43212 rrrrπ
 
where n- quantity of pair coils of a toroid. 
 
If to accept the height of a toroid as equal to 2h  designate its internal and external radiuses ac-
ordingly , it is convenient to present the segments which are included in the formula (19) as: 
⎤⎡ −+−=′ 43210 rrrrJn,x*H ,                                                   (19) 
 
 
Fig. 6 
, and to
c тт
 
)
R,r
( ( ) ( ) ( ) .hxRr,hxRr,hxrr,hrr 2222222 ++=−+=−+=+=  x
т4т3т
2
т 21
+
 
It is not difficult to sho MF. Vector potential  of 
semiannular current with radius  possible  to lock-in a 
 
w, that the locked-in ring current does not create S
R (fig. 7) is calculated by the formula (10) as it is
contour by rectilinear segment of 2R length. Thus it is convenient to use polar coordinates, then in 
(10): 
ϕϕ ′′−′+=′′+′+= cosrRrRr,cosrRrRr 22 222221 . 
 
SMF may be created by constant magnets. For the first time it was noticed by Nikolaev G.V. who 
has created a special magnet. Magnet of Nikolaev (MN) represents a cylindrical magnet sawn on di-
amete
In the left part the vector potential is directed to point О, consequently, SMF has the negative sign 
r in two parts which are turned against each other half-way (180 degrees) (fig. 8). Magnetic field 
created by such magnet is modelled by semiannular and radial currents. The theory developed above 
allows to represent SMF in this figure taking into consideration function signs. From considerations of 
symmetry it is not difficult to guess that there is a special point O  in the centre of the current system. 
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here, and in the right part vector  А
G
 is directed from point О, consequently, positive SMF is created 
here.  
 
 
                                                                              Fig. 8 
For creation of SMF it is possible to use a pair of flat magnets connected w
y
 
 ith their lateral sides. 
d by the current conto s shown in fig. 5.  
ents, in particular about using a magnet of Ni-
kolae
 the 
ends 
ssible to base on analogies in the description of two compo-
nents
Thus magnetostatic system is formed, which is modelle
Existence of SMF is proved by  numerous experim
ur
v [5-6, 9]. It is shown, that the force directed along a current or against it, depending on the sign 
of SMF,  operates on a current placed in SMF.  There is also observed a boomerang effect when on
of the conductor making longitudinal movement in SMF, EMF induction is induced. Generator of 
new type [ 9 ] operates on this principle. 
Accordingly, there is a basis to consider Maxwell’s electrodynamics as a restricted theory.  Let's 
undertake an attempt to develop generalized electrodynamics on the basis of general properties of vec-
tor potential. Thus to some extent it is po
 of a magnetic field. It is known, that the non-stationary vector magnetic field generates vortical 
electric field. By analogy: non-stationary SMF generates potential electric field.  This hypothesis has 
the strict proof and is confirmed experimentally [9]. 
      
3. Theoretical analysis 
Let us assume that in some volume τ  non-uniform and non-stationary SMF  is cre-
. Presence of sources and drains of a  each point as follows from the put 
forwa
( )t,z,y,xB*
ated  potential electric field in
rd hypothesis, is characterized by a derivative 
t
B
∂
∂
. In elementary volume 
*
τd    presence of 
sources and drains of an electric field is determined by product  τd
t
*
∂  and for all allocated defined 
B∂
volume we have: 
∫ ∂=Φ τdB** .                                                                  (20) ∂τ t
 
On the other hand the same value represents the flux of vector Е
G
 through surface S limiting allocated 
volume: 
sing Ghauss theorem, from (20) and (21) it is possible to write down: 
 
∫=Φ n* dSE .                                                                 (21) 
S
U
О      
*H+*H−  
   N 
   S 
x
 9
 ∫∫ =∂ ττ t
∂ ττ dEdivdB
* G
,             
and this leads to the primary correlation presented without a conclu onograph of G.V. Ni-
kolaev [5-6]: 
 
 
sion in the m
EdivB
t
* G=∂ .                                                                (22) ∂
Let's formulate the prototype law of electromagnetic induction in the differential form: a point of 
space in which the non-stationary scalar magnetic field
 Consequently, one of the equations of generalized electrodynamics looks like: 
 
 has been created, is a source or a drain of 
an electric field.
 
t
BDdiv
*
∂
∂′+= 0εερ
G
,                                                        (23) 
where D
G ε ′  - relative dielectric permeability of a medium, ρ - vector of electric field induction,  - 
electric charge density. 
As a result of the research carried out above it is possible to write down the full system of the 
 two constituents of electric fields (vortical and potential). The known system 
electrodynamic equations that take into account the two constituents of magnetic fields (vortical and 
potential), as well as the
of  Maxwell’s equations does not reflect this symmetry of electrodynamics and consequently is not 
full. The system of generalized electrodynamics looks as follows [4]: 
 
t
DjgradHHrot * ∂
∂+=+
GGG
,                                                (24) 
 
t
BErot ∂
∂−=
GG
,                                                          (25) 
 
t
BDdiv
*
∂
∂′+= 0εερ
G
,                                                   (26) 
0=Hdiv G .
 
      
 
It appears from the equation (24), that conduction current 
                                                     (27) 
j
G
creates both vector and scalar mag-
netic field. Generally both these components of the one mag
hift of an induction of vector magnetic field 
netic field are non-stationary. Due to the 
В
G
s , as is known, the vortical electric field (25) is formed. 
The shift of SMF induction along with electric charges generates sources and drains of a potential elec-
tric field (26). Thus, the electric field generally includes potential and vortical components. Therefore 
when calculating derivative 
t
D
∂
∂ G
 there emerge vortical and potential (scalar) components of a mag-
netic field (25). That is displacement currents, as well as conduction currents, generate both compo-
nents of a magnetic field: vector and scalar. The equation (27) specifies the absence of sources and 
drains of a vortical magnetic field. It is necessary to take on the Ohm law in the differential form to the 
equations  (24) - (27). Ohm’s law should be written down under condition of immovability of medium: 
 
Ej
GG σ= ,                                                                     (28) 
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where  σ - electroconductivity of medium, vector EG  -  the sum of the intensities of both constituents 
of an electric field: vortical and potential.  
     The equations (24) - (28) are correct at the following assu
1) all bodies present  in an electromagnetic field a
mptions: 
re motionless, 
σμε ,, ′′2) units  are the functions of coordinates and do not depend on time and the characteris-
tics of an electromagnetic field.  
It is not difficult to show, that the equation of indissolubility of g
tain
eneralized electrodynamics con-
s an additional member: 
00 =+∂′+∂
∂ jdivB
t
2 *
2∂t
Gεερ .                                                 (29) 
 
non-stationary SMF is necessarily created, besides 
Thus in the point which is a source (drain) of an electric current there is a variable electric charge; and 
02
2
≠∂
∂
t
B*
. Let'
erential equation (29) refer to one point of space. It is important to bear in mind when it is used to-
right and left parts refer accordingly to various points of space located  extremely close to each other.  
s note that all the values in the dif-
f
gether with the basic differential equations of electrodynamics (24)-(25) in which the variables in the 
In traditional electrodynamics, as is known, Lorenz antecedent is used: 
000 =∂
∂′+
t
Adiv ϕεεμμG ,                                                    (30) 
 
where ϕ  - scalar potential. It is introduced artificially and a physical meaning is not given to it. If we 
write down: 
( )
t
Adivt,z,y,xH * ∂
∂−′−=′′′
ϕεεμμ 0
1 G
,                                        (31) 
0
 
then  we get 
up its real existence. Let'
an opportunity to take into account a scalar component of the magnetic field and to check 
s note that in a stationary situation for vacuum (31) coincides with (8). 
It is not difficult to show with the help of the equation (25), that in
expressing full intensity of an electric field by means of full electrodynamic and scalar potentials re-
ain correct: 
 generalized electrodynamics  
m
ϕgradAE −∂−=
t∂
GG
.                                                       (32) 
Having substituted expressions (12) and (31) in (24) with the account of (32) we shall receive: 
⎟⎟⎠⎜⎝ ∂∂ tt
⎞⎜⎛ ∂+∂′−=∂
∂′−′−′ Ο
Agradj
t
gradAgraddivArotrot
GGG ϕεεϕεεμμμμ 000
1
. 
 
 
1
0
We come to Dalamber equation for full vector potential: 
j
t
AA
GGG
02
2
00 μμμμεε ′−=∂
∂′′−Δ .                                                   (33) 
eceive the wave equation for scalar potential: 
 
Similarly having transformed the equation (26) we shall r
0
2
2
00 εε
ρϕεεμμϕ ′−=∂
∂′′−Δ
t
.                                                  (34) 
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Consequently the process of radiation of electromagnetic waves in generalized electrodynamics, 
as well as in traditional one, is described by the two wave equation
tor and scalar potentials. But in contrast to the known limited theory these equations describe occur-
ence
s written down accordingly for vec-
r  of an electromagnetic field at the account of a conduction current. The field consists of two 
magnetic components (vortical and potential), and also two electric components (vortical and poten-
tial). That is there is observed a certain symmetry between magnetic and electric fields that form one 
electromagnetic field. It is possible to tell that  А
G
 and  ϕ  form one four-dimensional vector – poten-
tial, whose properties describe all macroscopic electrodynamic phenomena. 
At this phase of investigation it becomes clear that the use of antecedent (2) in magnetostatics 
and Lorenz antecedent (30) in electrodynamics as res lted in restriction of the theory and exclu-
sion from the consideration of the potential magnetic component, and, consequently, all phenomena 
connected to it. 
 h u
We shall receive the wave equations for an electromagnetic field with sources on the basis of the 
equations (24)-(27). Having applied operator  t∂∂  to the equation (24), taking into account (24) and 
(25), after transfo
 
rmations we have: 
ρμεεμμ gradjEE 02
2
00
1+∂∂′′−Δ εεμ tt 0′∂
′=∂
GGG
.                                       (35) 
 
As the potential electric field is generated by electric charges, and the vortical field is connected to the 
locked-in electric currents, it is possible to split (35) into two independent
 
 equations: 
ρεεεεμμ gradt
EE
0
200
1
′=∂′′−Δ
→
→
G
2∂G
 
,                                              (36) 
t
j
t
EE ∂
∂′=∂
∂′′−Δ ΟΟ
GGG
02
2
00 μμεεμμ .                                               (37) 
 
Having calculated a time derivative from the equation (25) with provision for (24) we shall re-
ceive the wave equation for vector H
G
: 
jrot
t
H H
G GG ∂ 2
Similarly, having transformed (26) with provision for (24) we shall receive the wave equation for sca-
lar function 
−=∂′′−Δ 200 μμεε .                                                    (38) 
 
*H : 
jdiv
tt
H H
*
* G+∂=∂′′−Δ μμεε 200 .                                              (39) 
 
∂∂ ρ2
That is, if in some point of the electroconductive medium there is a shift of an electric charge, 
this medium is a source or a drain of an electric field (current) which
of the environment. Let's note that in the given wave equation the values on the right part and at the 
eft pa
 generates SMF in adjacent points 
l rt refer to various points of space; therefore if we use the generalized equation of continuity (29), 
we receive from (39): 
( ) ( ) ( )2
2
02
2
00 t
t,z,y,xВ
t
t,z,y,xHt,z,y,xH
**
*
∂
∂′−=∂
′′′∂′′−′′′Δ εεμμεε .                    (40) 
The second member of the left part is not compensated by the right member, as the functions 
contained in them refer to various points of space. From (40) it follows: non-stationary SMF created in 
some point of the electroconductive medium with coordinates z,y,x  generates in same point sources 
 12
(drain
aves 
tors 
s) of an electric current which results in the occurrence of non-stationary SMF in the neighboring 
point of space ( )z,y,x ′′′ . 
Consequently, in the general case two electromagnetic w are formed: one of them is de-
termined by vo
G
 And rtical vec  ΟE H
G
 , and another - by potential vector →E
G
 and scalar func-
*tion H . The first type of waves is known in electrodynamics for a long time, their properties are well 
researched. In particular it is s own, tha far apart from the source of radiation lane wave) vectors 
ΟE
G
 and 
h  t (p
H
G
 are arranged perpendicularly to the direction of electromagnetic wav ropagation; there-
fore these waves are referred to as transversal. The second type of waves is scarcely investigated, 
though there are a lot of publications about longitudinal electromagnetic waves. The term “longitudinal 
troma etic waves” in classical electrodynamics stands for some component of a non-plane wave 
determined by vortical vectors ΟE
G
 and 
e p
elec gn
H
G
. Longitudinal constituents of usual electromagnetic waves 
are formed, for example, when it is propagated through conducting guides. This phenomenon does not 
exceed the limits of traditional electrodynamics. In originating generalized electrodynamics there is 
also the need to use the term ‘longitudinal electromagnetic waves’ to define the second type of waves, 
however its meaning differs from the concept used in the traditional theory. It is suggested to deter-
mine as ‘longitudinal electromagnetic waves’ the waves formed as a result of the shift of potential 
vector →E
G
and scalar intensity  *H , and extending in the direction of vector  →E
G
  (E-waves). 
Let's note that the speeds of spreading transversal and longitudinal electromagnetic waves are 
identical: 
000
1 c
μεμμεε ′′=′′==⊥ VV || , 
00
1
με=cwhere - velocity of light in vacuum. Here lies indissoluble connection of all the constitu-
ents of the electromagnetic process and impossibility of their complete positional separation in the 
gitudinal Е -wave, and vice versa.  
 
   The theory of longitudinal electromagnetic waves demands separate consideration. Here we 
 only, that it is well coo  [5-6] with two-
planimetric aerials, one of which serves as oscillator, eiver of longitudinal electro-
magn
general case. Moreover, it is possible to show that a transversal electromagnetic wave derivates a lon-
 
 
4. Discussion of the results 
rdinated to known experiments of Nikolaev G.V.
 another - as the rec
shall note
etic waves. 
This theory also explains the results of very exciting experiments described by C. Monstein and 
J. P. Wesley [10]. Their first experiment shows the transfer of energy at the account of longitudinal 
waves between the plates of the condenser which have been moved apart farther than the length of the 
wave. In addition the filter absorbing transversal waves is installed between the plates. In the second 
experiment there were used the spherical aerials installed from 10 to 1000 mm apart. Variable electric 
charge being created on the radiating aerial, the reception aerial registered a signal fading proportion-
ally as the square of distance from the source of radiation. Such dependence is explained by the fol-
lowing: a non-directional radiating aerial was used. C. Monstein and J. P. Wesley do not use the con-
cept of SMF and do not aim at going beyond classical electrodynamics, therefore their approach to a 
problem turned out unilateral: their explanation is based only on Poisson equation for scalar electric 
potential and they investigate only the shift of potential vector →Е
G
. Nevertheless, C. Monstein and J. 
P. Wesley’s experiments are extremely important for understanding of the researched phenomenon, as 
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they show the limitation of the received view of the electromagnetic field and allow us to make a link 
to generalized electrodynamics.  
A rather detailed analysis of the given problem is made by Enshin A.V. and Iliodorov V.A. [11-
12].  The authors experimentally established “…that, when the paramagnetic gas medium is exposed to 
laser radiation with special spectral structure, there occurs the polarization of spins of molecules or at-
oms contained. Under the resonant influence of pondemotor forces of laser radiation there occurs the 
formation of quazicrystal spin-polarized structure with clear-cut ferromagnetic properties. That is in 
spin-polarized medium the appearance of macroscopical quantum effects is possible. In spin-polarized 
structure of paramagnetic gas takes place the transformation of laser radiation to longitudinal electro-
magnetic waves (research was carried out with the molecular gases with not compensated electronic or 
nuclear spin and some other substances). That is the waves where vector of an electric field coincides 
with the direction of a wave vector.  Such transformation becomes possible because the radiation is 
accomplished not by separate electrons that really can radiate only transversal electromagnetic waves, 
but the aggregate of external electrons combined by exchange interaction and behaving as a quantum 
liquid. Longitudinal electromagnetic waves generated by spin-polarized structure have much higher 
orientation and coherence than the initial laser radiation. And we mean higher not by percent or times, 
but exponents. The section of absorption of longitudinal radiation is also much less than transversal.” 
As Enshin A.V. and Iliodorov V.A investigate the quantum phenomena in their works it’s nota-
ble that the problem of longitudinal electromagnetic waves for the first time arose in quantum electro-
dynamics in the 30-s of the last century, since the 4-dimensional mathematical apparatus demanded 
their introduction. However, in order to satisfy Maxwell’s theory special calibrating antecedents ex-
cluding longitudinal electromagnetic waves were introduced, and the longitudinal waves were declared 
“non-physical”. Only in the 90-s this problem was risen again by Hvorostenko N.P. [13]. Since quan-
tum electrodynamics operates with 4-dimensional vectors, vector  H
G
 and some scalar function are 
used for the characteristic of a magnetic field; electric field is characterized by vector Е
G
  and an addi-
tional scalar function. The last scalar function is characteristic only for quantum interaction (spinory 
electrodynamics), it is not necessary to be introduced when considering only macroscopical phenom-
ena (conduction currents). Thus, the quantum theory is the most general case of generalized electrody-
namics, it presents the complete symmetry in the description of an electromagnetic field. On the basis 
of quantum electrodynamics’ apparatus Hvorostenko N.P. has shown that three are three possible 
modes of electromagnetic waves: one transversal and two longitudinal (Е -waves and Н -waves). 
Four differential wave equations are received by Hvorostenko N.P: two of them are vector equa-
tions, two more - scalar. Three of these equations (taking into consideration difference in designations 
without the account of the quantum phenomena) coincide with the equations (35) received by us, (38) 
and (39). The fourth equation is specific to quantum electrodynamics and we haven’t considered it.  
Hvorostenko N.P. erroneously applied the usual equation of continuity (without an additional 
member) to (39), thus the right part of the equation (39) resulted in zero, and the author drew a conclu-
sion on the absence of material sources stimulating longitudinal Е -waves and declared them non-
physical. The inaccuracy of this conclusion deprived all the further E-waves research of a theoretical 
basis; as a result, they have not been acknowledged by the official science until now, despite the ex-
perimental facts confirming their real existence. The longitudinal H-waves are acknowledged by the 
quantum theory, they are created by spin-magnetic axial currents.  
The results of research of Enshin A.V. and Iliodorov V.A. are apparently explained on the basis 
of a complex of the phenomena of all the three types of electromagnetic waves. Transversal laser ra-
diation results in establishing in the substance of electronic quantum structures of toroidal type with a 
certain orientation of their axes. These structures, as we showed, are capable of generating longitudinal 
E-waves. At the quantum level the formation of H-waves is possible, they are compensated on mac-
rolevel. 
 
5. Conclusion 
Relying on the results of the above mentioned publications and our research, it is possible to 
raw the conclusion that all three types of electromagnetic waves are physically real, moreover in the d
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most general case all of them are interconne ch other forming one electromagnetic 
proce
. Tamm I. E.  The Fundamentals of  the Theory of Electricity. – Moscow, «Nauka», p. 1976.- 616 
(published in Russian) 
. Edward M. Purcell. Electricity and magnetism. Berkeley Physics cource, volume 2. 
tional symposium on electromagnetic compatibility and electromagnetic 
cted, derivate ea
ss. Theoretical and experimental study of properties of longitudinal electromagnetic Е -waves 
will allow us to understand the essence of the electromagnetic phenomena deeper and to substantially 
expand the area of their practical use. Generalized electrodynamics (the macroscopical theory) which 
was developed with the account of all the properties of 4-dimensional electrodynamic potential is ca-
pable to explain numerous paradoxes of modern electrodynamics  and to take a new look at the fun-
damental concepts of physics. 
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